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1.0  iWKa»stg»« 

With  reference  to  STL  Doouseat  0X437-33$  Jtagi  near  tug  Beach  Compatibility 
Test  Tim  and  Arm  Docment  DAQ  4542  Laboratory  Compatibility  Program, 

STL  requested  that  engineering  bench  oospctibility  taste  between 
Conr&lr  Autopilot  and  Arm  Inertial  Guidance  System  Components  be 
conducted.  Accordingly,  the  Servo-fieehaaiaaa  Group  request cd  that 
those  teats  be  perforated  la  the  System  Test  Laboratory,  as  specified 
la  Convalr  Report  A2M-27-073,  dated  27  Ootcber  199S. 

The  purpose  of  the  bench  teats  vas  tn  determine  any  system  iasespat- 
Ibilities  ae  early  la  the  D/AXO  program  as  possible.  Primrlly,  these 
teats  were  mde  to  detesntiae  the  nature  and  eauae  of  any  interface 
problem  that  might  exist  between  the  available  Convalr  and  Arm 
equipment.  Overall  miaeile  system  compatibility  ia  to  be  determined 
during  the  3 CO  Teste. 

The  bench  teats  were  divided  into  two  categories;  msaaurememte  to 
determine  that  interface  signal  requirements  were  net,  add  Utmewremrats 
to  determine  if  ths  system#  component  power  requirements  mere  compatible 
with  the  airborne  power  supply* 

N.  <■'  *... 

^T&ia  report  Is  thscs&g*  divided  h §  two  sections.  The  first  section 
contains  $uldanae-Autopllet  signs!  compatibility  information,  while 
the  second  section  contain*  the  data  on  the  compatibility  of  the  guidance 
system  with  the  air bo :  power  supply  i bThe  first  part  of  this  report 
is  tn**od  primarily  on  information  aupplieJ''by  Arm,  and  on  information 
ooutclned  in  reports  Issued  by  the  Servo-Mechanism?  Group  as  listed 
«i"id«r  referees  , 

2,0  SfCTIQS  It  Stamary  of  Araa/430  Autopilot  Compatibility  Tests, 

2,1  QBJICyi 

Determine  - 

2.1.1  Signal  demcatibility  between  Convair  AID  Autopilot  and  Arm  MSS. 

2.1.2  Operations!  characteristic*  of  the  guidance  eye tea  on  the  air* 
Wa*  power  supply. 

2.1.3  Operational  oharaoterlatios  of  the  guidance  system  during  power 
chang eover , 


TW*  (fcx«e«V  ew*uis*  wfwnwliei  foimt*  o>  &e  United  St»ts»  within  ttie  m* »nw^  #?  tel  F law,  TWe  38, 

IJ5C,  Section  733  mi  T>*  or  foe  rwlitKwi  fff  it*  ceefooti  in  aae**  to  v<  unartfarir*  m**  i«  proWWten  by  law. 
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2.2  saasmm» 

2.2.1  No  serious  ineemimtlblli iies  were  deteu ued  between  toe  Convair 
Autopilot  systsn  and  tba  Am  MSS  during  these  testa. 

2.2.2  Tha  guidance  eye taw  performed  correctly  on  both  ground  and  air- 
bo  rna  povar  araoplie*  over  a  wide  range  of  power  system  load 
condition* . 

2.2.3  The  operational  status  of  the  A  IQ  Autopilot  was  recovered  within 
a  fraction  of  &  second  after  power  changeover,  while  the  Araa 
equipment  was  fully  operational  within  five  eeconde  in  all  test*  run. 

2.3  IEST  SPECIMENS » 

2.3.1  Convair  D/AIG  Autopilot  Components 
Gyro  Package 

Servo  Amplifier  Package 
Digital  Programmer  Package 

2.3.2  Convair  special  test  equipment 
Control  Maneuvers  Servo  Table 
Package  Control  Units 

2.3.3  Convair  Power  Supply  Components 
Inet-Palmer  ground  power  ”uit 
Airborne  Inverter  power  unit 

For  a  more  detailed  description  of  these  units,  refer  to  the 
Electrical  Section  of  this  report,  j 

2.3.4  Araa  Lot  II  Missile  Guidance  Syst*v 
Computer 

Inertial  Platfc*** 

Analog  Signal  Converter 

Digital  Signal  Converter  1 

Control  Central  | 

I 

J  2.3.5  Araa  Special  Test  Equipme~* 

ET-1  MGS  Test  Racks  | 

Computer  Test  Kit 
Simulated  Break  Away  Panel 

I  2,4  MM'  ! 

!  2.4.1  Initial  Installation 

A  walled  in,  limited  accede  area  at  Columns  J,  K*-l ,  rldg.  5  was 
created  for  equipment  seaurit'',  25  January  1959,  'as  Arm*  Test 
hardware  was  then  installed  and  oonnected.  Powe’f  1  1  ,e«. ,  control 
boxes  and  outlets  were  installed,  furnishing  s.-*  necessary! 
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aa  test  jMgi  (Continued) 

2.4,1  Initial  Installation  (Continued ) 

440  volte,  60  epe,  3  phnae 

13.7  volts,  400  ops,  3  phase 

117  volts,  60  cpe,  1  phase 

28  volts,  DC 


Forced  air,  dry  ics  squlpasat  coolers  wars  designed  and  built 
for  Aran  oquipnent,  as  were  a  fee  minor  piece*  of  s postal  test 
squlpasat.  Tbs  required  tset  instroientc  vara  obtained  and 
tbs  area  was  o becked  cart  and  operational  by  9  .February  1959* 

Sea  Figaros  1  through  3. 

2  *4.2  MtUl  Am/JUQJaEBdiaBtoyK.  £mmMkUtto.,lMfr  ~ 

2. 4.2.1  On  9  February  1959  the  first  prototype  AJQ  gyro  eanlsier  was 

tested  for  aapatibility  with  the  Arm  MGS.  The  object  of  this 
test  ms  to  determine  if  any  discrepancies  existed  when  plteb 
end  y aw  steering  ’igaala  wore  supplied  to  tbs  gyro  canister. 

2 *4.2.2  Ir  the  first  test  pitch  steering  signals  from  the  plteb  *iabsl 
./nohro  of  tbs  Arms  Inertial  Platf  a  vers  supplied  to  tee 
pitch  guldanee  input  of  the  torqoer  amplifier  in  the  gyro 
eaniater.  Signals  ranging  free  +5.0  to  -5.0  velte  in  1  volt 
inaremente  were  used  as  inputs.  T^t  parameters  resorted  on  a 
Sanborn  re corner  wore  ae  fellows i  Input  Signal,  Fitch  Qyro 
Output.  Plteh  Amplifier  Output  and  Flteh  ferque  Current.  At  j 
saeh  voltage  Input  level,  the  plteh  guidance  was  disabled  ! 

'‘rsugh  an  eleetroul*  switch  in  the  gyro  canister  and  the  gyve 
vee  electrically  lulled.  The  nailing  loop  va*  thus  opened  cad  | 
the  plteb  reidaase  was  osahled,  alleging  the  signal  te  torqm  the  1 
gjau.  'Jbe  resulting  smnp  outputs  and  Wquiag  current  were  re-  j 
corded  at  that  tin*. 

2. 4.2, 3  The  second  test  ms  to  apply  yerw  stesrfcag  signals  r-ea  the 

♦amputee  t©  the  ysv  guidance  input  «f  ‘’hs  tarqu*.  escllfier  in 
the  gyro  Minister .  Ths  inputs  ranged  free  +}  volts  to  -3  volte 
in  0.5  volt  IncreusBt*.  The  pers»et«rs  recorded  on  the  Sanborn 
recorder  v*r*  as  follow*!  Input  Signal,  lav  Gyre  Output,  lev 
Signal  Amplifier  Output,  and  lev  Torqee  Correct,  is  in  the  esse  ! 
of  tbs  plteh  channel,  the  yav  guidance  ms  disabled  through  the 
slecteoals  switch,  and  the  gyro  ms  electrically  sailed. 


Tbfc  stoc mat  3*rt*te»  tsfenertas  tAtctog  a*  n*tto»*i  teW t**  w  Statotf  S?W*s  we&m  <m  W  &*  tm,  Tftts  *8, 
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2.4  OBT  mmOB&t  (Coutladsd) 

* 

2 .4*2.3  'Continued) 

The  nulling  loop  was  then  opened  nod  the  ymw  guidance  vu 
suable*,  allowing  the  signal  to  torque  the  gyro. 

!  2. 4.2 .4  la  phase  sad  quadrature  eoupsnsntg  of  Ax-jo  pltoh  and  yaw  stoer- 

lag  signals  wars  Manured. 

2.4.2. 5  Arww-Coavair  goidsaoo  Intsrfur*  lapedanoes  wars  Investigated. 

1 

2.4.2. 6  The  eliicieaeles  *#  the  torqav  mpll/lsr  gulden*#  enable  ] 

switches  were  evaluated  Ay  noting  their  attenuation  of  the  f 

guidance  input  in  /  6 i sable  nod*. 

2. 4.3.0  After  these  Initial  checks,  tha  d atoll ad  tasting  program  was 
undertaken,  and  completed  by  t  tfcy  1999.  The  fallowing  areas 
vara  investigated t 

2. 4.3.1  Pltoh  and  law  Steering 

a)  Open  Autopilot  gyro  loop 

b)  Closed  Autopilot  gyro  loop 

0)  Closed  Autopilot  gyro  loop  about  a  flight  aasoursrs  serve 
table. 

2. 4.3.2  Tbs  pltoh  an*  yav  steering  tests  wars  oendwstod  to  determine  the 
ooupatlbility  of  tbs  Aims  system  with  tbs  autopilot  gyro  oaaistcr 
as  well  as  to  oeupsiM  gyro  torqsing  ravsc  aeesurod  throe  separate 
wnyf}  open  and  elosod  gyro  loop,  and  closed  loop  through  tk» 
■aasursro  tat  s. 

i  Autopilot  grro  postage  se-v®  loop  poraweto-e  wens  also  ioveetl-  j 

gated.  ! 

\ 

2. 4. 3. 3  fitofc  gyro  drift  das  to  piteh  steering  a  oil  signal  vas  isveeii-  ! 

gated. 

f  ; 

2.4.?.4  law  gyi'  drift  das  to  yaw  steering  nail  signal  was  investigated.  I 
j  J 

i  2.4.3. 5  If  foot  of  yav  steering  signal  ripple  os  gyre  amplifier  etriptrt 

|  was  wears,  td. 
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2.4  TEST  PROCEDURES t  (Continued) 

2. 4. 3. 6  A  normal  Lot  B  1-G  problem  yaw  steering  signal  was  fed  from  the 
Ansa  Computer  to  the  Autopilot  while  the  computer  cutoff  signals 
were  sent  td  the  programmer.  The  tests  were  run  on  ground 
power  and  repeated  using  the  airborne  power  supply.  The  auto¬ 
pilot  was  operated  closed  loop  using  an  external  nulling  ampli¬ 
fier. 


2. 4. 3 *7  Simulated  Lot  C  1-G  Test  -  closed  loop.  Lot  C  is  a  more  advanced 
form  of  the  Ansa  MIS.  A  simulated  Lot  C  yaw  steering  profile  was 
generated  by  manually  setting  the  yaw  steering  signal  levels  in 
the  proper  time  sequence  with  the  Aram  computer  test  kit.  The 
tests  conducted  with  the  simulated  Lot  C  sequence  profile  were 
the  same  as  for  the  normal  1-G  profile  with  the  exception  that 
cut-off  signals  were  not  available. 

2. 4. 3. 8  Sensitivity  of  discrete  signal  circuits  to  over  and  under  supply 
voltages  was  measured. 

2. 4. 3. 9  The  effect  of  switching  on  and  off  the  simulated  loads  on  the 
guidance  system  power  supply  was  investigated.  Anna  MGS  oper¬ 
ation  at  the  specification  limits  of  power  supply  amplitude 
and  frequency  wa,“  measured. 


2.4.3.10  Effects  of  power  changeover,  from  ground  to  airborne,  on  the 
guidance  system  was  measured. 


2.5  TEST  RESULTS: 

2. 5. 1.0  Initial.  Aroa/AIG  Gyro  Canister  Compatibility  Tests. 

2. 5. 1.1  The  results  of  the  pitch  steering  tests  may  be  seen  in  Figure  6 
where  input  voltage  is  plotted  versus  Autopilot  gyro  output, 
amplified  gyro  output,  and  torque  current.  This  data  appeared 
to  be  consistent  with  what  was  expected. 

2. 5. 1.2  Figure  7  shows  the  results  of  the  yaw  steering  tests.  The  null 
voltage  input  was  6dmv  total  with  negligible  phase  sensitive 
component.  The  recorded  gyro  drift  at  this  time  was  approx¬ 
imately  0.005  volts/second  or  25  degrees/hour  using  the  nominal 
gyro  sensitivity  of  0.7  volts/dogree. 


2. 5. 1.3  The  in-phase  and  quadrature  components  of  Arms  MIS  yaw  and  pitch 
output  steering  signals  were  measured  and  recorded  by  Arms  at 
this  time  also.  Their  results  are  shown  in  Ficrures  8,  9,  10  and 
11. 
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2.5  TEST  RESULTS:  (Continued) 

2. 5.1.4  The  teste  of  Figures  6  and  7  were  made  by  adjusting  the  Anna 
outputs  to  the  desired  torquer  amplifier  input  voltage  levels. 
This  cancelled  any  loading  effects  on  the  Anna  equipment  which 
may  have  existed.  However,  Arma  supplied  the  following  infor¬ 
mation  on  its  pJtoh  and  yaw  source  impedances* 

Pitch  370  ±20%  +  J250+20J6  ohms 

Yaw  6000  ohms 

These  impedances  drive  the  pitch  and  yaw  guidance  input  circuits 
of  the  gyro  torquer  amplifiers,  each  of  which  offers  a  load  of 
100,000  ohms  with  guidance  disabled  and  about  190,000  ohms  with 
guidance  enabled  ensuring  a  good  impedance  matoh  with  Arma. 

2. 5. 1.5  The  enable  -  disable  guidanoe  switches  appeared  to  function 
efficiently.  With  3  volts  RMS  steering  signal  applied  to  the 
guidance  input,  and  with  the  switch  in  the  disable  condition, 
.00417  volts  per  second  appeared  at  the  amplifier  output.  Using 
a  sensitivity  of  4.5  volts/degree  this  1b  equivalent  to  a  drift 
rate  of  3.34  degreea/hour . 

2.5.2  Results  of  Main  Testing  Program  - 

2. 5. 2.1  Pitch  and  yaw  steering 

The  pitch  steering  tests  were  similar  to  those  run  in  the  initial 
checks,  with  signals  ranging  from  null  to  +4  volts  used  as  inputs. 
All  testing  was  done  on  both  ground  and  airborne  power.  With  the 
Autopilot  gyro  loop  open,  the  ramp  output  from  the  signal  simpli¬ 
fier  was  recorded  at  each  voltage  level  after  initially  mil ling 
the  gyro  and  disabling  the  guidance  input.  Simultaneously,  the 
nulling  loop  was  opened  and  the  guidance  was  enabled  allowing 
the  gyro  to  slew  to  its  stop. 

For  the  second  test,  the  gyro  nulling  loop  was  left  closed,  and 
the  guidanoe  was  enabled,  while  the  gyro  displacement  was 
measured  at  the  nulling  amplifier  output  for  each  steering  i^ut 
level.  The  third  test  was  to  close  the  loop  about  the  control 
maneuvers  servo  tablo  and  monitor  the  table  rate  at  each  input 
level.  Sample  recordings  of  these  tests  can  be  seen  in  Figures  12 
and  13.  With  the  servo  loop  closed,  the  rate  gyro  output  was 
recorded  to  determine  whether  any  inconsistencies  existed  in 
table  rate. 
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2.5  TEST  RESULTS:  (Continued)  ! 

2. 5. 2.1  Fitch  and  yaw  steering  (Continued)  \ 

I 

The  yaw  steering  tests  were  run  in  a  similar  manner,  with  signals 
ranging  from  null  to  +3  volts  used  as  inputs.  The  open  loop 
tests  were  performed  as  before  by  applying  the  yaw  steering  j 

signals  to  the  guidance  input  after  which  the  nulling  loop  was  j 

opened  and  the  guidance  enabled  allowing  the  gyro  to  slew  to  its 
stop.  The  ramp  output  from  the  gyro  signal  amplifier  was  recorded 
as  shown  in  Figure  14.  The  same  test  was  repeated  with  the  null-  | 
ing  loop  closed  and  the  output  of  the  nulling  amplifier  recorded, 
also  shown  in  Figure  14. 

i 

2. 5. 2. 2  Autopilot  Gyro  Package  Torquing  Rates  and  Parameters  - 

Figure  16  is  a  block  diagram  of  a  floated  rate  integrating  gyro 
and  its  associated  circuitry.  The  blocks  inside  the  dotted  lines  ) 
represent  the  components  of  a  floated  rate  gyro,  while  those  j 

outside  represent  needed  circuitry  for  open  or  closed  loop  oper¬ 
ation.  Open  loop  torquing  is  accomplished  with  SI  and  S2  open,  j 
and  with  the  signal  applied  to  the  guidance  input.  Closed  servo  j 

table  loop  torquing  is  accomplished  with  SI  closed  and  S2  open.  j 

Closed  gyro  loop  torquing  ie  accomplished  with  switch  SI  open  i 
and  switch  S2  closed.  I 

The  gyro  open  loop  torquing  rate  may  be  defined  by 

G©0  -  ®o  —  Kt  st  flflg&SS 

if  -  El  T —  volt  I 

Where  =  torquer  amplifier  gain  in  volts/volt 

St  =  torque  generator  transfer  function  in  volts/deg. 

C  -  viscous  damping  torque  of  the  gyro  in  dynes  -  cm/deg/sec 

The  open  loop  torquing  rate  is  calculated  from  the  voltage  ramp  ! 
output  of  the  signal  amplifier  using  the  displacement  sensitivity  j 
which  is  calibrated  to  +5.5$.  * 

Cloning  the  loop  about  a  servo  table  on  which  the  gyro  package  is 
mounted,  the  torquing  rate  becomes  . 

e  1 

-  So...  =  ®t  I 

Ei  "  Ej.  H"  ’ 

j 

where  H  is  the  gyro  angular  momentum. 

i 

I 
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2. 5. 2. 2  (Continued) 


It  can  be  s-3ec  that  the  torquing  rates  obtained  using  these  two 
methods  of  measurement  could  differ  considerably  especially  if 
the  damping  should  vary  some  percentage  over  a  specified  temp¬ 
erature  range.  Figure  17  does  show,  however,  a  fairly  good 
correopondance  between  open  and  closed  servo  loop  torquing  rates. 

The  third  method  tried  was  to  close  the  loop  about  the  gyro 
itself,  torque  the  gyro  electrically  with  the  Arma  steering  sig¬ 
nals,  and  record  the  output  of  the  nulling  amplifier  for  each 
input  level.  Since  the  input  summing  resistors  at  the  input  to 
the  torqiar  amplifier  are  in  the  ratio  of  1.21  to  1,  the  voltage 
Eu  shored  be  1  .21  X  Ej  at  any  input  level.  This  is  verified  in 
Fig' ire  i7. 


The  predominate  time  constant  of  the  Autopilot  gyro  nulling  loop 
as  comiited  to  be  0.5  second.  This  seems  to  agree  with  the  time 
.onau&nt  recorded  in  the  simulated  Lot  C  1-G  Test  shown  in 
Figure  8,  In  this  test  the  gyro  loop  we a  closed  and  the  nulling 
amplifisr  output  wan  recorded,  showing  a  nulling  loop  time  con¬ 
stant  of  &Hut  0.5  seconds.  If  necessary,  the  loop  gain  could 
probably  be  increased  sufficiently  to  lower  the  time  constant, 
as  the  loop  poscessas  an  ample  gain  margin. 

Summarising,  the  gyre  nulling  loop  had  a  computed  natural  fre¬ 
quency  'i  3*5  coo.  a  ratio  of  5,62,  and  a  time  constant 

of  0.5  seconds.  All  ih'*-  o  parameters  are  a  funct*  i  of  loop 
gain  which  can  be  controlled  by  adjusting  the  gain  of  the  null- 
i"g  amplifier. 


-.5.2.3  The  pitch  steering  signal  was  n’Uled  by  pinning  the  inertial, 
platform  pitch  glmhal  with  a  aero  pin. 


The  effect  of  the  Arma  pitch  steering  null  signal  on  the  apparent 
Autonilot  gyro  drift  was  then  recorded  as  shown  in  Figur-  18. 

Thib  null  drift  was  recorded  for  six  minutes.  The  drift  in 
degrees  per  hour  was  calculated  using  the  pitch  displacement 
sensitivity  which  was  calibrated  to  3.5  volts/degree.  This 
calculated  drift  is  shown  as  follows: 
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|  2.5  TEST  RESULT-  :  (Continued) 

2.5.?  «3  (Continued) 

Drift  at  the  end  of  six  minutes 
Drift  per  hour 

j  Drift  in  degreee/ho’cr 


0,9  volte 
9  vol ts/hour 

9  volts/hour  =2.57  deg/hr. 
3,5  volta/iegV 


i 

I 


1 


2. 5. 2,4  The  Anna  yaw  steering  signal  was  nulled  by  use  of  the  computer 
test  kit  in  the  ssero  subtract'’  position.  The  effect  of  the 
yaw  steering  null  signal  on  the  apparent  Autopilot  gyro  drift 
is  show*'  in  Figure  19.  The  gyro  drift  wai  recorded  for  three 
minutes  in  each  direction  by  reversing  the  Arna  computer  refer¬ 
ence  voltages’  phase.  In  eifchar  direction  the  drift  appeared  to 
be  low,  2.27  deg/hr,  to  3.46  deg/hr.,  both  within  tolerance. 

The  difference  between  these  two  drift  rates  is  1.19  deg/hr. 
which  '8  the  true  gyro  drift  rate  caused  by  the  Imperfect  null 
signal. 


2._,.2o5  lbs  2  cps  ripple  on  the  yaw  output  of  the  Anna  computer  did 
appear  at  the  output  of  the  nulling  amplifier  as  a,  0.1  volt 
peak -peak  signal.  The  amplitude  of  the  2  cps  rippl*  is  depen¬ 
dent  on  the  steering  input  signal  level.  As  shown  in  Figures  14 
and  15,  the  input  signal  level  for  1.1  volts  peek-peak  was  about 
3  volts  RMS.  To  determine  the  effect  of  the  2  opa  ripple  on 
the  entire  Autopilot  system  including  the  eustainer  and  vernier 
engines,  the  resulting  2  cps  ripole  was  recorded  at  the  output 
of  the  yaw  signal  amplifier.  See  Figure  20.  With  a  3  volts  RMS 
input  signal,  the  peak-peak  voHagc  appearing  at  the  output  of 
the  signal  amplifier  was  0.2  volts.  The  suetainer  a;.,'  vernier 
engine  deflection  for  a  peak-peak  input  of  0,2  volts  oar  be 
calculated  as  follows?  the  snd  to  end  sust&iner  pitch  and  vaw 
displacement  gain  Is  1.85  deg/deg.  The  vav  ver  lier  displacement 


CTO  4  r 


1  £  *}  ^ 


&/ 


leg. 


A  one  degree  displacement  input  produces 


3.5  volts  signal  amplifier  out. 
aisplaeamont  s^sitivlty  is 


it  follows  that  the  eustainer 


-  0.53  deg/volt 

3.5  volts/dtg. 
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2.5  TEST  R2STLTS;  (Continued) 

2. 5.2.5  Therefore  a  0.2  volt  peak-peak  signal  amplifier  output  produces  j 
a  sustained  deflection  of 

0.53  x  0.2  =  0,10£  degrees  peak-peak  at  2  cp*. 

The  vernier  displacement  sensitivity  i* 

=  4-3?  d3g//volt. 

J  *  J 

Thus  a  0.2  volt  peak-peak  signal  amplifier  output  produces  a 
vernier  deflection  of 

4.3?  k  0.2  »  0,374  degrees  peak-peak  at  2  cps. 


j 


From  the  above  calculations,  it  appears  that  these  small  engine 
deflections  will  not  be  detrimental  to  the  autopilot  control 
system.  The  calculated  sustainer  deflection  should  be  within  j 
the  dead  sons  of  the  engine  servo  system. 

I 

I 

The  third  test  performed  with  yaw  steering  input  signals  was  to  I 

close  the  loop  about  the  control  maneuvers  servo  tfhle.  Thie 

teat  is  shown  in  Figure  15  where  the  rate  gyro  output  shows  a 
0,04  volt  peak  to  peak  2  eps  oscillation.  This  is  equivalent  to 
0,2  deg/sec.  peak-peak  modulation  upon  the  table  "ite  of  1.24 
deg/ sec .  j 

I 

2 ,5.2.6  The  normal  Lot  B  1-G  yaw  steering  profile  using  airborne  power 

is  shown  in  Figure  21.  This  test  was  done  with  the  Autopilot  j 

gyro  nulling  loop  closed  and  the  output  of  the  nulling  amplifier  1 

recorded.  Bo  unusual  transients  appeared  on  the  recording  and 
the  output  appeared  normal.  Figure  10  shows  another  recording 
taken  on  all' borne  power,  1 


2,5,2. 7 


The  simulated  Lot  C  1-0  test  is  shown  in  Figure  22.  In  thie 
test  the  gyro  loop  va^  closed  and  the  nulling  amplifier  output 
was  recorded. 


)n:«,  derust',-;  -ontom;  into?  trsat-Oi  affecting  the  nation  si  defense  of  the  United  S-.  •  tm  ‘he  meaning  of  the  [jpionsje  Tde  i», 

USC.  ,eit.cn',  /It  and  !  the  'rsnsntissior.  or  the  rfveijtion  oi  content?  m  tnt  mannei  i«  *r>  unaufh3f!i«d  pe'Vttt  u  prohibited  bv  aw 


7B  2124' 


CONVAIR  ASTRONAUTICS 


11  August  1959 


TEST  RESULTS;  (Continued) 

2. 5. 2. 8  On  12  March  1959,  the  Anna  MSS  and  Convtir  Autopilot  ware  run 
as  a  system.  One  G  problems  were  run  with  the  computer  cut-off 
signals  going  to  the  programmer.  The  DC  power  supply  was  ad¬ 
justed  for  nominal,  under  and  over  voltage  levels.  The  perfor¬ 
mance  of  the  JGS-Autopilot  discretes  circuitry  was  normal  under 
all  conditions. 

2. 5. 2. 9  The  entire  simulated  load  was  switched  on  and  off  to  simulate  an 
extreme  airborne  power  profile.  No  significant  variations 
appeared  in  the  recorded  outputs  of  either  Arms  or  Convair 
guidance  components.  The  Arma  MGS  operation  was  normal  at  the 
specification  limits  of  power  supply  amplitude  and  frequency. 

2.5.2.10  Power  Transfer  Tests  were  made  to  det&rraine  the  effect  on  the 
operational  status  of  the  MIS  and  Autopilot  components.  Phase 
switch-over  times  were  unequal,  and  transients  lasted  as  long 
as  thirty  milliseconds.  However,  total  separation  from  the 
ground  supply  was  always  achieved  before  the  airborne  inverter 
was  switched  in. 

The  servo  package  recovered  operational  status  within  several 
mill'' seconds  and  therefore  posed  no  problems. 

Changeover  tests  were  performed  with  the  programmer  at  zero 
ready  to  receive  a  launch  command.  At  po-er  changeover  the 
programmer  powsr  supply  voltage  decreased  which  resulted  in 
programmer  logic  commanding  a  satisfactory  reset  to  zero  as 
the  voltages  returned  to  normal  values.  No  undesirable  voltage 
transients  were  noted  in  critical  programmer  outputs. 

The  effects  of  power  ohangaover  on  the  gyro  package  are  shown 
in  Figures  23,  24  and  25.  There  appear  to  be  no  problem  areas 
except  for  a  0.3  volt  transient  spike  lasting  for  0.1  second 
appearing  at  the  output  of  the  signal  amplifier.  This  should 
havo  a  negligible  effect  on  system  operation. 
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2»5  TEST  RESULTS:  (Continued) 

2.5.2.10  (Continued) 

The  first  area  of  investigation  on  the  Arms  equipment  was  the 
effect  on  platform  alignment.  As  the  system  power  was  switched 
from  ground  to  airborne,  the  steering  resolver  and  pendulum 
outputs  were  recorded,  as  in  yigures  26,  27  and  2b.  Any  change 
in  resolver  or  pendulum  outputs  would  indioate  gimbal  motion. 
There  was  no  change  in  pendulum  output  as  a  result  of  power 
changeover.  A  2.5  millivolt  change  in  roll  resolver  output 
wae  recorded  indicating  a  twenty  second  error.  As  the  resolver 
output  is  directly  proportional  to  line  voltage,  a  major  factor 
In  the  resolver  output  change  is  the  difference  between  the 
voltage  levels  of  the  ground  and  airborne  supplies.  The  voltage 
difference  was  about  \%  at  the  time  of  this  measurement. 

Platform  azimuth  alignment  was  monitored  optically  using  a  Watts 
autocollimator  to  sight  on  the  platform  porro  prism.  The 
angular  offset  of  the  platform  in  azimuth  due  to  power  transfer 
was  less  than  five  seconds  for  repeated  runs. 

The  recovery  of  azimuth  alignment  from  an  offset  was  normally 
observed  to  be  accomplished  within  two  or  three  seconds  as  a  re¬ 
sult  of  the  ET-1  Equipment  Gyro  Torquing  Amplifiers.  At  no  time 
did  recovery  exceed  seven  seconds.  On  the  basis  of  these  figures, 
Arms  states  that  tne  platform  will  have  fully  reccrered  from 
ny  offset  due  to  peer  transfer  prior  to  launch. 

The  paver  transfer  transient  ..as  reflect ed  in  the  platform  and 
computer  power  supplies.  There  was  no  significant  increase  in 
ripple  or  noise  on  the  1X1  voltages  after  transfer.  Observed 
control  and  p->wsr  supply  volt~^es  of  the  Arms,  equipment  are 
tabulated  in  Figure  30  to  givr  qualitative  definition  to  the 
supply  variations  after  changeover. 

The  Arma  MGS  servo  amplifier  output  showed  a  ripple  at  the 
difference  frequency  of  the  two  supplies.  s  Figure  29, 

Maximum  ripple  was  about  I  volt  peak  to  pea.'  Total  voltage  was 
within  specifications.  Tervo  response  war  normal  judging  by 
the  recovery  time  from  a  step  input.  It  is  presumed  that  this 
"hum"  pickup  will  not  be  present  in  the  missile  once  the  um¬ 
bilical  is  detached. 
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(Continued) 

2.5.2.10  (Continued) 

Computer  operation  was  normal  on  airoorne  power  vhun  reset  after 
transfer.  Figure  30  offer*  a  qualitative  indication  of  tie 
transfer  effects  on  the  computer  operating  voltages. 


i 


Report  ES-59-SM-322  dated  18  March  1959,  Results  of  Initial 
Arma/AIG  Gyro  Canister  Compatibility  ?6-vS. 

Report  ES-59--SM-384  dated  25  May  1959.  Summary  of  Arma/AIG 
Autopilot  Compatibility  Tests. 
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3.0  gKHfiJL  II »  Hsctriwl  System  Ce*p«tibility  Test  Resti't#. 

3.1.0  XBRSfiffilKh* 

The  purpose  of  this  phase  of  testis#  ve#  te  aralnate  the  electrical 
compatibility  of  the  D/A  JO  yoMor  ay* tee  >4th  the  A m  KDf.  -  AH}  Auto¬ 
pilot  guidafis**  system. 

3.2*0  fiftaggRt 

3.2.1  Obtain  soloed  anslysr  iir  the  D/AB  Klesils  Power  Sjatse. 

I 

3*2.2  Obtain  a  harmonic  analysis  ct  the  airborne  power  system,  I 

1 

>.2.3  ^  v -raine  paver  system  eharaetarietiee  prior  to  transfer,  during  { 

afar,  and  *<*tar  traaafer. 

!  i 

3.3.0  zos^mm*  I 

3.3.1  The  nominal  lead  os  the  VAU  Hiaaile  Paver  System  mu  1620  watts.  The  ( 

Arne  Inertial  Cto&daaoe  System  aeaatitutsd  tbre*»fburth«  of  tbs  bemimi 
load.  i 

3*3.2  The  harmonic  analysis  of  the  tlrbera*  inverter  iadioetic  that  the  j 

roltege  harmonic  content  from  the  somoni  to  twentieth  hanwalc  vac 
appraarifc 'mly  0.033  of  the  fundamental,  j 

i 

3.3.3  iecordi^a  taken  of  pevar  system  transfer  iadisote  that  the>  position 
transfer  time  ( power  interruption)  exceeds  «.as  aaxinua  specif  led  of 
19  ailllsesonds.  | 

Arm#  total  earnwt  transients  at  traneffO  are  Dot  eaccsssive  in  magnitude  i 
|  and  are  jeuerally  less  tout  2,5  millisecond#  Id  duration. 

1 3^.c  msssaanss*  | 

j  > 

It  is  rnmeamcinds*  that  farther  of  the  changeover  switch  be 

I  e©nch*st*d  an  the  system*  lrrsl, 

!  3.5.o 

i  Thar*  were  fear  asjor  alactriaal  components  need  in  this  test*. 

3.5.1  Power  Changeover  Switch  - 
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3.5.1  Power  Changeover  Switch  -  (Continued) 

Kinetics  Corp.  M-160-2 

Serial  So.  002  CVAC  27-06106-3 

3.5.2  Airborne  A.C.  Power- 

Inverter  -  Bendix,  Red  Bank  Division  32B77-5-B 
Serial  Number  R-14 

Output:  115/200  volts  AC  400  cycles, 

3000VA,  3  Phase,  0.8  pf. 

Input:  28  volts  X  185  amps. 

3.5.3  Ground  A.C,  Power 

Variable  frequency  Motor  -  Generator 
Inet-Palmer  Division  of  Leach  Corp. 

Model  A1264  Serial  Number  3 673-1 

Convair  Specification  No-  7-06205 


Input 

Output 

Vol  W  ' 

390/510 

120,- '208 

Freq : 

58/62  eye. 

380/^20  eye. 

Phase « 

3 

3 

.laps : 

3Co 

aU.  .  6 

F.r. ■ 

0.8 

0.9?  lead  to 

KVA: 

15 

Ground 

-Airborne  G.C.  Fever 

Stave.. 

t  D.C.  Tower  S reply 

•’}  '  •  ;  -i  I11* .  *  'I  ~i:  '»  ^  -•  v  . '  '*  *  ;  Tf  -  “  -  '*  f  "j,  ’  *  «  a*’ 

4  •  '4  * '  *  :  '  -  p  ■  f  *  *  i ’  i‘  'rr  i‘  -  ~  f  r" s-; "  ‘  -  ‘  '  ' . 

C  0  H?  EpM&fc 


KTOtT 


<4* 


PAS£ 


7B  2124-1 
16 


11  August  1959 


3. 5 -4  Ground-Airborne  D.C.  Power  -  (Continued) 

Me  Colpin  -  Christie  Corp.  431-4 00K4 

Serial  Number  K-458 

Output:  400  saps  25-29  volts  DC 

Input)  440v  3  Phase  60Cyc.  30  Asps. 

3*5.5  D.  C.  Power  to  Aram  Ground  Equipment  - 
Rectifier,  Metallic 

Christie  Electric  Corp.  MK32-100  K4 
Serial  Number  K-I8C4 
Outputs  IOC  asp.  24-32v  DC 
Input:  460  volts  60  eye.  3  Phase 

3.6.0  iKI.fflKEPapF’ 

3.6.1  General  Procedure  - 


3.6.i,lThe  electrical  power  systara  used  followed  the  schematic  Drawing 

(SX  545-7-159'  furnished  by  the  Electrical  Design  Group,  Dept,  545-7. 
Additions  and  changes  were  incorporated  to  facilitate  ir.struasr.tation 
and  systea  grounding,  Basically,  the  eyetas  confirms  to  the  power 
systea  diagram  given  in  Figure  31.  The  solid  lines  indicate  flow  of 
power  whereat  ,  the  dashed  lines  indicate  se*.  -  resent  or  instrunentatior 
coverage. 

The  systea  was  so  arranged  as  to  provide  Arsa  ground  control  equipment 
wi th  AC  ground  power  at  all  tines. 

The  elect! ^cai  wiring  was  of  the  three-phase,  four  wire,  eonfigu-  .  lor. 
Tvc  Sc.  C  cables  were  connected  between  each  package  load  and  uTtrtsr 
to  * isolate  aissile  grounding.  The  coaacn  neulre"  '  fourth  vir  '  be- 
tvesr.  airborne  and  ground  AC  power  supplies  was  separated  during  air¬ 
borne  coapatibility  testing. 
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3*6. 1.1  (Continued) 

The  test  inverter  end  changeover  switch  had  .  used  in  several 
other  teats  by  8y*te»e  and  Ceatpoaente  Test  L.ooretories.  j 

3. 6. 1.2  The  eyetec  loads  were  operated  in  the  ready  a*S»  during  electrical  j 

power  tests.  The  airborne  ^oauSa  consisted  of  the  f allowing i  j 

3*6. 1.2.1  Atm  MB  | 

a,  Platform  Package 

b,  Computer  Package  i 

a,  Control  Package  j 

i 

d,  Analogue  Signal  Converter 

{  ; 

e.  Digital  Signal  Ceavertar  j 

j  3 «6.1.2. 2  iff  A»t-r°oi»  | 

j  | 

]  a,  Phase  A  trenadnser  (eiaolated) 

b.  Gyro  Package  ! 

i  1 

o,  Frograaoer  Package 

‘  i.  Servo  Amplifier  Package 

*t  Progia*®er  and  Servo  Amplifier  Monitoring  Faaele 
|  3*6*1. 2. 3  Simulated  Load*! 

f 

e,  Propellant  Ptil  lotion 

i  b,  iEitr  jaacteticn  (Model  3' 

Thee*  stands  tod  loads  were  Imped  t-ogsthar  and  consisted  of  a 
tranefcmsr-rect Lfirr  resistive  load  ox5  an  isdoctiv*  load. 


'>«  txxfiHt  s»ttM  Thrrar.K*  'O,  fr‘r«w  4  rv  as  =*» 4  ‘**  _s»*  T?^*  ;6. 
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3.6,2  Specific  Procedure j 

The  load  analysis  and  harmonla  analysis  measurements  were  taken  at 
the  analyser.  Both  analyses  were  performed  on  airborne  inverter 
power  with  the  external  ground  wire  disconnected. 

3. 6. 2.1  The  load  analysis  was  performed  using  a  vol taster,  ameter  and  watt¬ 
meter  with  associated  current  transformers.  Pictures  of  the  phase 
voltage  and  current  waveforms  were  taken  with  a  Type  2614  Dumont 
attachment  and  oaaera  and  a  Type  53/54C  Tektronix  Dual -Trace  Plug-In 
Unit  in  a  Type  $45  Taktrooic  Oscilloscope. 

3. 6.2.2  The  harmonic  analysis  was  performad  using  a  Model  300A  Hewlett- 
Packard  Harmonic  Analyser.  The  helf  band  width  selectivity  was  set 
at  145  cycles.  Frequencies  outside  this  bandwidth  were  attenuated 
by  a  minimum  of  4Cdb.  The  voltage  harmonica  were  measured  directly 
across  the  line  and  the  currant  harmonics  wore  measured  across  a 

50  millivolt,  10  ampsora  shunt  in  the  line. 

3. 6.2.3  Power  changeover*  (transfers)  were  performed  with  over,  nominal, 

and  under  voltage  outputs  from  the  inverter.  Recordings  vere  obtained 
on  a  Type  5-119  CBC  oscillograph.  Type  7-326  Galvanometers  vers  used 
for  the  AC  traces.  Theee  galvanometers  have  a  frequency  responss 
flat  to  3000  cyolas.  A  Weston,  Model  461  current  transformer  and 
CEC  Linear  Amplifier,  Type  1-112-0  were  used  to  isolate  and  amplify 
the  instrumentation  signal  of  each  line  current*  This  instrumentation 
circuit  gave  erroneous  indications  of  the  line  currents  during 
transfer  ari  was  therefore  revised  for  subsequent  testing.  The  re¬ 
vised  circuitry  utilised  a  7*5  ampere,  50  millivolt  hhpat  in  each 
line  and  a  Type  7-319  Galvanometer.  Tbip  galvanometer  has  a  fre¬ 
quency  responss  flat  to  300  cycles. 


3*7.9  BBOBSiM* 

3.7.1  The  load  analysis  data  are  given  in  Figure  32.  The  power  factor  was 
calculated  from  measured  values  of  voltage,  maperes,  and  watts,  all 
values  with  >the  exception  of  watts,  given  in  the  total  rows  of  the 
table  are  oalculated  on  the  basis  of  115  volts.  The  system  line 
voltages  and  inverter  direct  current  and  voltage  are  given  at  the 
right. 

The  loads  vers  not  steady  because  of  heaters  turning  off  and  on  in 
tha  Autopilot  packages.  Therefore  two  load  analyses  were  run. 
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3.7  TEST  RESULTS:  (Continued)  j 

3. 7. 1.1  A  nominal  value  of  system  loading  was  1620  watts.  In  comparing  the 

loads  of  Run  1;  Anna  HDS  comprised  73. 5% ,  AIG  Autopilot  was  10.6% 
and  the  simulated  load  was  15.9%  of  the  total  load.  The  AIG  Auto¬ 
pilot  load  had  the  greatest  variance  in  phase  current  and  power  \ 

factor.  | 

3. 7. 1.2  The  waveforms  of  voltage  and  current  are  given  in  Figure  33.  These 

pictures  show  the  distortion  in  the  waveforms  and  the  phase  angle 
between  the  phase  voltage  and  current.  The  photograph  on  the  right 
shows  the  waveforms  with  total  system  load  on  the  airborne  inverter.  1 
The  photograph  on  the  left  shows  the  waveforms  with  the  simulated  ! 

load  dropped  from  the  total  system  load.  The  system  load  without  the 
simulated  load  is  given  in  the  load  analysis  table. 

3. 7. 1.3  The  simulated  load  was  used  for  nominal  and  extreme  variations  in 

loading  on  the  power  eupply  for  power  ystem  compatibility  testing.  ; 

3.7.2  The  harmonic  analysis  data  are  given  in  Figure  34.  The  values  of  j 

harmonic  voltages  given  are  from  direct  measurements.  The  values  of 
harmonic  currents  given  are  calculated  from  the  voltage  drop  measured  j 
across  a  10  ampere,  50  millivolt  shunt  in  each  line.  Here  again 
the  load  on  the  system  was  not  steady  and  two  Bets  of  data  were  taken. 

3. 7. 2.1  The  middle  portion  of  the  analysis  table  gives  the  harmonics  in  per¬ 
cent  of  the  fundamental.  The  seventh  and  eleventh  harmonics  are  the  j 
most  prominent  voltages,  whereas  the  seoond,  third,  fourth,  fifth, 
seventh,  eleventh  and  fifteenth  harmonics  are  the  most  prominent 
currents. 

3. 7. 2. 2  The  harmonic  content  of  the  voltage  is  given  at  the  bottom  of  the  table. 
Interface  requirements  of  AZM-27-075  call  out  that  the  RMS  sum  of  the 
voltage  harmonics  from  the  second  through  the  tenth  shall  be  equal  to  ] 
or  less  than  4%  of  the  fundamental.  Also,  the  RJ6  sum  of  the  harmonics  j 
from  the  second  through  the  fortieth  shall  be  equal  to  or  less  than 
0.05  of  the  fundamental.  The  voltage  harmonic  content  of  the  tested 
inverter  clearly  meets  the  first  part  of  the  specification.  The  har¬ 
monic  content  was  only  measured  to  the  twentieth  therefore  a  categorical 
statement  about  its  harmonic  content  to  the  fortieth  is  impossible. 
Nevertheless,  if  the  harmonic  content  to  the  twentieth  is  doubled  the 
calculated  R.M.S.  content  is  0.0495  of  the  fundamental.  It  is  unlikely 
that  the  harmonic  content  from  the  twentieth  through  the  fourtieth  will  j 
be  as  great  as  the  content  from  the  second  through  the  twentieth.  There-i 
fore  it  is  assured  that  the  harmonic  content  of  the  inverter  meets  the 
second  part  of  the  specification. 
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3.7  TEST  RESULTS:  (Continued) 

3.7.3  Power  transfer  recording?  are  given  in  Figures  35  through  43.  The 

changeover  switch  used  in  this  test  was  not  of  the  type  that  will  be 
on  the  D/AIG  Series.  A  proper  changeover  switch  was  not  procured  for  this 
t«st.  The  essential  difference  between  the  two  switches  consists  of 
the  number  of  switching  circuits.  The  switch  used  in  the  test  had  ! 

three  sets  of  three  AC  load  switching  circuits.  A  set  consists  of 
either  three  Phase  A,  Phase  B  or  Phase  C  switches.  The  changeover 
switch  that  will  be  used  on  the  D/AIG  Series  has  three  sets  of  five 
AC  load  switching  circuits. 

The  changeover  switch  used  did  not  have  the  required  number  of  switch¬ 
ing  circuits.  Therefore,  the  packages  of  each  subsystem;  Ana  MIS, 

AIG  Autopilot  and  Simulated  were  connected  to  a  single  switching  1 

circuit.  The  effect  this  had  on  the  test  is  probably  negligible. 

However,  the  exact  time  of  transfer  for  each  package  would  be  different. 
Also,  the  transfer  time  sequence  would  cause  a  change  in  the  time  and  j 

magnitude  of  the  total  system  transfer  transient.  j 

| 

3. 7. 3*1  With  the  system  loads  as  in  the  load  analysis  test,  several  power  j 

transfers  were  run.  Typical  recordings  of  these  changeovers  are 
given  in  Figures  35  and  36.  These  recordings  are  of  total  system  ! 

load  currents  and  voltages.  These  recordings  show  inconsistent  J 

transfer  times.  This  characteristic  waB  discussed  with  the  Electrical 
Design  Group.  Upon  investigation  it  was  learned  that  the  electrical 
system  wiring  was  improper.  Each  set  of  load  switching  circuits 
had  been  connected  together  in  order  to  instrument  the  total  load  I 

current  at  transfer.  Referring  to  the  system  diagram.  Figure  31,  the 
proper  circuitry  is  to  have  the  distribution  coincide  with  the  ' 

changeover  switch.  The  proper  changes  were  incorporated.  The  above 
mentioned  recordings,  Figures  35  and  36  are  included  here  to  show  j 

what  the  total  system  or  each  package  saw  for  power  transfer  testing. 

When  the  changeover  circuitry  was  properly  revised,  the  Autopilot 
packages  were  no  longer  available  for  test.  ! 

3. 7. 3. 2  In  order  to  determine  the  electrical  characteristics  at  transfer  for 

the  Anna  MIS  equipment,  further  power  transfer  testing  was  conducted.  j 

The  AIG  Autopilot  load  was  lumped  into  the  simulated  load.  Figure  37  j 

is  a  recording  of  Arraa  voltage  and  current  at  transfer.  It  clearly  i 

shows  the  presence  of  high  frequency  transients.  High  frequency 
current  transients  are  also  apparent  at  the  transfer  command  time.  At  j 
this  time  the  motor  driven  changeover  svitoh  begins  to  move.  j 
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3.7  UHi  (Coftilm*d) 

3*7. 3*3  Thw  apparent  X  dispi*e«M&t  of  the  co-Tant^  at  break  axd  of 
transfer  or 9  sparlffltt.  To  ohack  an  these  apusiotg  diepl**xw«at»#  a 
step  function  wm  applied  to  the  recorder  circuit  and  it  responded 
apjxxtiaately  at  two  cycles,  draped  cxpo^eatiAlly.  Tft*  ?aw»rd«r 
currext  Inetrmentation  sire  ait  which  caused  the  "yarip'-iM  diapleo*- 
nest  and  its  revision  ere  discussed  is  Paragraph  3«av2.3. 

3.7«3*4  Figures  38  through  43  ere  records  of  Aim  MSS  electrical  ohaseoterl*- 
ties  at  transfer  using  the  revised  current  instrumentation  circuitry. 
The  reep&ase  of  the  Type  7-319  Galvaaacstar  is  down  approx lately 
seres  pwreert  at  4^  These  records  shov  jafegrsmleeiy  power 

transfers  from  external  to  internal  and  internal  to  external,  with 
<rr«r,  nominal,  and  under  voltage  on  tbs  inverter.  Th*  position 
transfer  time  is  «ss*e  aleerly  defined  than  was  indicated  by  vbe  high 
frequency  response  record#.  The  position  transfer  tine  is  definitely 
jutsidc  the  suudxux  ejaciflad  ti*$  of  15  xilliseeonds*  Phase  3 
ourreat  transfer  tlx*  approaches  30  xilllaeeende. 

3.7,1. 5  Ti:«s*  regards  also  serve  tc  indicate  the  ourrsct  switching  transients. 
The  transient*  ore  scnevhat  variable  hsoanse  of  tb*J r  dependence  upon 
the  tine  displaoasent  of  the  vr^t^ga  oyol*  &t  switching  and  the  nods 
or  power  factor  of  the  load. 

Tt  sey  be  observed  that  the  voltages  are  mall  in  magnitude  before  the 
oos.pl eted  operation  of  switching  at  make  end  bruk.  A  possible  osasn 
©f  this  nay  be  the  construction  of  the  switching  contacts.  The 
switches  are  of  the  sliding  pin-socket  type  and  their  ares  of  contact, 
or  contact  resistance  will  change  with  the  tias-pceitioa  of  the 
eliding  contact. 


I  3.8.0  MilQfi6A£ir* 

I 

|  test  data  from  which  this  report  was  prepared  ore  reeoraed  in 

Sagineering  Test  Laboratories  Hats  ^tebsok  Ko.  7134. 
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